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SUPERSEDING

MIL-C-55365A
8 August 1974

.(‘ MILITARY SPECIFICATION

CAPACITORS, CHIP, FIXED, TANTALUM, ESTABLISHMED RELIABILITY,

GENERAL SPECIFICATION FOR

This specification 1s approved for use by all Depart-
ments and Agencies of the Department of Defense.

1. 5COPE

1.1 Scope. This specification covers the general requirements for establiished
relfabt Y, tantalum, fixed, chip capacftors, primarily intended fer use in thick
and thin file hybrid circuits for filter, bypass, coupling, and other applications

' where the alternating current {ac)} component is small compared to the direct current
(d¢) rated voltage and where supplemental moisture protection s svailable [see
6.1). These capacitors have reliability ratings established on the basis of life
tests performed at specified voltage at +85°C for faflure rate (FR} leveis ranging

from:

a, 1,0 percent per 1,000 hours to 0.001 percent per 1,000 hours in accordance
with MIL-STD-690, Thace FR levels are established 2t 2 60-percent
confidence level and are maintained at a 10-percent producer's risk
{Exponential distribution).

b. ©.1 percent per 1,000 hours to 0.0001 percent per 1,000 hours (1 FIT} 1/ at
a 90-percent confidence level (Weibull distribution).

1.2 Classification, <Capacitors covered by this specification are classified by
the style, as specified {see 3.1).

1.2.1 Type designation. The type designation shall be in the following form, and
as specified (see 3.1).

4 CHRO6 B A 225 J M
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| i | { I 1 :
i { | } | i
! i ! | | i
Style Yoliage Jérminaiion Lapacivance vapacitanie F Teve!
(1.2.1.1} (1.2.1,2) finish (1.2.1.4} tolerance (1.2.1.6}
{1.2.1.3}) (1.2.1.5)

1.2.1.1 Style. 7The style 1s tdentified by the three-letter symbol "CWR*, foliowed
a two-digi% number; the letters fdentffy established reliability, tantalum, fixed,

b!), s o2 s oa = oA e o= Ak R S R RN I (' R Ak _ > L » o S
cnip capaciiors, ang Lne numper 1Q9ENLITIES LNE Qges51gn O7 vne capacier,

1.2.1.2 VYoltage. The voltage (rated, derated, and surge) {s fdentffied by a single
letter as shown in table 1.

T77FIT - fatlure unit = one failure per 109 device hours.

TEeneficial comménts (recommendations, addictions, deletfons] and any pertinent datal
{which may be of use in improving this document should be addressed to: US Army ]

iLaboratory Command, Fort Monmouth, WNJ 07703-5302, by using the self-addressed {
|Standardization Document Improvement Proposal (00 Form 1426) appearing at the end |
( lof document or by letter. !
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TABLE I, Yoltage.

! | YoTtage |
: Syabol E [ E
] | ] .
E é Rated {+857C) : Derated (+1257C) ; Surge (+B5 C} {
: { Yoits, dc { Yolts, dc i Yolts, dc !
| A ! 2 ; 1.3 | 2.6 |
! B i 3 | 2.0 I 4.0 i
| c | 4 i 2.7 | 5.0 I
i D { 6 i 4.0 I B.0 |
| E | 8 [ 5.4 | 10.0 |
| F { 10 | 7.0 I 13.0 ! .
i & | 12 i 8.0 H 16.0 I
! ¥ ! 18 ! 10,0 ! 20.0 |
1 J i 20 | 13.0 | 26.0 ]
| K } 25 | 17.0 | 32.0 i .
| L | 30 I 20.0 | 39,0 |
| o ! 35 | 23.0 } 46.0 |
| ] ! 50 ! 33. 0 ! 65.0 !
I | I ] ]

1.2.1.3 TJermination finish. The termination finish is identified by a single
jetter, as Tollows:

A = =« = «+ = = = = - = Soider-coated nickel
B~ === -« - Gold
C = = = = = e - Solder-coated gold
D - « = « + = = =~ ~ = Solder-coated alijoy 725
.2.1.4 Capacitance., The nominal capacitance value sxpressed in picoafarade (nF), 3
1s 1denttf1ed by a three-digit number; the first two digits represent significant ';
figures and the last digit specifies the number of zeros to follow.

1.2.1.5 <{apacitance tolerance. The capacitance tolerance is identified by a single
letter as shown in table 1T,

TAELE 11. Capacitance toierance.

i | |
| Symbol | Capacitance tolerance
| i |
i 1 |
| | Percent (&)} :
| i .

. | 3 I
| K i 10 {
| M i 20 |
J | I

1.2.1.6 Fajlure rate {FR) level. The FR level {(based on life tests performed at
spec1fied voltage) 1s Tgentitied Ey a single letter as shown in tablie 1llI.
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TABLE II1l. FR level.

VSbeol

Exponential FR Jevel
60% confidence level - unit
hours totaled from several
lots.

oo X

% per 1,000 hrs

1.0
0.1
0.01
0.001

deibyll FR level
90% confidence level - unit
hours total per each Jot
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3 per 1,000 hrs
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0.0001
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2.1.1 Specifications and

standards. The following specifications and standards

form a part of this specification to the extent specified herein. \Uniess otherwise
specified, the issues of these documents shall be those listed in the issue of the
Department of Defense Index of Specificatfons and Standards {DODISS) and supplement
thereto, cited in the solicitation.

SPECIFICATIONS
FEDERAL
qQ-5-571 -
MILITARY

MIL-C-39028 -
MIL-C-55365/2 -

MIL-L-55365/4 -
MIL-C-55365/7 -
DOD-C-55365/8 -

STANDARDS
MILITARY
KIL-STO-105 -
MIL-STD-202 -
MIL-STD-690 -

Solder, Tin Alloy: Tin-Lead Alloy; and Lead Alloy.

Capacitors, Packaging of.

Capacitors, Chip, Fixed, Tantalum, Established Reli-
ability, Styles CWRO3 and CWRO4.

Capacitors, Chip, Fixed, Tantalum, Established Reli-
ability, Styles CWROE and CMRO9.

Capacitors, Chip, Fixed, Tantalum, Established Relti-
ability, Style CWR1O.

Capacitors, Chip, Fixed, Tantalum, Established Reli-
ability, Style CoWRll.

Sampling Procedures and Tables for Inspection by
Attributes.
Test Methods for Electronfc and Electrical Component

Parts.
Fajlure Rate Sampling Plans and Procedures,

3
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MIL-5TD-790 - Reliability Assurance Program for Electronic Parts Speci-
fications.

MIL-STu-1276 ~ Leads, wWeldaple, For Eiectronic Component Parts.

MIL-S5TD-1285 - Marking of Electrical and Electronic Parts.

(Copies of the specifications and standards required by contractors in connection

with specific acquisition functions should be obtained from the contracting activity
or as directed by the contracting activity.)

2.2 Order of precedence. 1In the event of a conflict between the text of this
specification and the references cited herein (except for associated detail specifica-
tions, specification sheets or M5 standards}, the text of this specification shall
take precedence. Nothing in this specification, however, shall supersede applicable
laws and regulations unless a specific exemption has been obtained.

3. REQUIREMENTS

3.1 Specification sheets. The individual {tem requirements shall be as specified
herein and {n accordance with the applicabie specification sheets. In the event of
any conflict between requirements of this specification and the specification sheets,
the Jatter shall govern (see §,2).

3.2 Qualification. <Capacitors furnished under this specification shall be products
which are qualified for 1i{sting on the applicable qualified products 1ist at the time
set for opening of bids (see 4.4 and 6.3). Unless acquired from the manufacturer or
his authorized distributor 1isted or approved for listing on the qualified products
T1st, parts furnisned under this specification shall not be considered as having met
the requirements of this specification.

3.3 Reliability. Reliability of capacitors furnished under this specification
shall be established and maintained in accordance with the procedures and requirements
specified in MIL-STD-790 and MIL-5TD-690 with details specified 1in 4.1,1, 4.4.4, and

4.5. The reliability rating is identified by the following FR level symbols:
Exponential FR jevel Il Weibull FR level Q
Symbol (% per 1,000 hrs) I: Symbol (% per 1,000 hrs)
" 1,0 |1 B 0.1
p 0.1 | C 0.01
R 0,01 H b 0.001
S 0.001 i E 0.0001 {1 FIT)

3.4 Materials. Materials shall be as specified herein. However, when a definite
material ¥s nof specified, a material shall be used which will enable the capacitors
to meet the performance requirements of this specification. Acceptance or approval
of any constituent material shall not be construed as a guaranty of the acceptance of
the finished product.

3.5 Design and construction. Capaciters shall be of the design, construction, and
physical dimensions specified (see 3.1).

3,5.1 Body structure, The body structure shall be either of the encapsulated or
unencapsulated forwm (see 3.1).

3.5.2 Terwinals. Terminals shall be of a solid conductor, of the dimensions speci-
fied (see J.I], and, except for style CWRO5, shall be suitably treated to facilitate
soldering. When specified (see 3.1}, terminals shall conform to type N3 of
MIL-5TD-1276.

3.6 Yoltage aging (exponential only). When tested as specified in 4.7.3,
capacitors shall meet the Tollowing requirements:

DC Yeakage - - - - . - - - . Shall not exceed the requirement specified in 3.7.
Capacftance. - - - - - - . . Shall be within the tolerance specified {(see 3.1).
Dissipation factor - - - - - Snall not exceed the requirement specified in 3,9,

3.7 DC leakage. When measured as specified in 4.7.4, the dc leakage shall not .)

exceed e appiicable value specified (see 3,1},

4
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3.8 Capacitance. MWhen measured as specified in 4,7.5, the capacitance shall be
within The applicable tolerance specified (see 3.1j.

3.9 Dissipation factor. When measured as specified in 4,7.6, the dissipation
factor shall not exceed the value specified (see 3.1},

3.10 V¥ibration, high freguency. ¥hen cagacitors are tested as specified in 4.7.7,
there shiTT*FiﬁﬁfTiT%?inféﬁf"E%ntncts of 0.5 millisecond (ms) or .greater duration,
or arcing or other indication of breakdown, nor shall there be any open- or short-
circuiting or evidence of mechanical dasage.

3.11 Thermal shock. When tested as specified in 4.7.8, capacitors shall meet the
following requireaents: ‘ :

DC Jeakage - - - - - - - - Shall not exceed the requirement specified in 3.7,
Capacitance- - « « « « « =~ S$hall change not more than #5 percent from the

fnitia)l moasturad valua
IHiLiIdl BCAIUTEG FERIUE,

Oissipatton factor - - - - Shal) not exceed the reguirement specified in 3.9,

Yisual examination - - - - There shall be no evidence of harmful corrosion,
mechanical damage, or obliteratfon of marking (if
applfcable).

3.12 Resistance to soldering heat. #dhen capacitors are tested as specified in
4.7.9, there shall be no evidence of mechanical damage.

3.13 Terminal strength {when specified, see 3.1}. When capacitors are tested as
specified In %,7.10, there shall be no Joosening of the terminals or persanent damage

to the terminals.

3.14 mMmoisture resistance. When tested as specified in 4.7.11, capacitors shall
meet the following requirements:

DC leakage - - - - - - - - Shall not exceed 200 percent of tne requirement
specffied in 3.7,

Capacitance- - - «~ = - - - Shall change not more than 15 percent from tne
inftial measured value,

Dissipation factor - - - - Shall not exceed 150 percent of the requiresent
specified in 3.9.
Yisual examination - - - - There snall be no evidence of harmful corrosion,

mechanical damage, or obliteration of marking [{f
appliicablel.

3.15 Stability at low &nd high temperatures, Mhen tested as specified in 4,7,12,
capacitors shall aeet the Tollowing requirements:

Step 1 (+25°C):

DC leakage - - « - « - = Shall not exceed the applicable value specified

(see 3.1},

Capacitance- - -~ - - - - Shall be within tolerance of the nominal value
specified (see 3.1).

Digeipation facter - - - Shall not exceed the applicable value specified
{see 3.1),

Step 2 {-55°C):

Capacitance- - « - - - - Shall c¢hange not more than the applicabie value
specified (see 3.1} from the step 1 measured value.
Shall not exceed the applicable value specified

Pissipation factor

{see 3.1},
Step 3 {+25°C):
BC Veakage - - - - - - - Shail not exceed the appiicable value specified
. {see 3.1)
Capacitance- - - - - - - Shall change not more than t5 percent from the step

1 measured value.
Shall not exceed tne requirement specified tn 3.9.

Dissipation factor
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Step 4 (+85°C):

DC leakage - - - - - - - Shall not exceed the appiicable value specified ‘
(see 3.1).

Capacitance- - - ~ - ~ - 5hall change not more than the zpplicable value
specifiad {cee 31.1) from the step 1 measured value,

Dissipation factor - -~ - S5hall not exceed the requirement specified in 3.9,

Step 5 (+125°C):

DC leakage - - - - - - - Shall not exceed the applicable value specified
(see 3.1},
Capacitance- - - -~ - - - Shall change not more than the applicable value
specified (see 3.1} from the step 1 weasured value.
Dissipation factor - - - ?na113no§ exceed the applicable value specified
see 3.1},

Step 6 (+25°C):

OC leakage - - - - - - - $hall not exceed the applicable value specified
{see 3.1}).
Capacitance- - - - - . - Shall change not more than the applicable value

specified {see 3,1) from the step 1 measured value,

Dissipation factor - - Snall not exceed the requirement specified in 3.9,

3.16 Surge voltage {exponential only, see 3.1}, When tested as specified in
4.7.13, capacitors shall weet the following requireaments:

DC leakage - - - - - - - - Shall not exceed the requirement specified in 3.7.

Capacitance- - - - - - . - 5hall change not more than the applicable value
specified {see 3.1} from the initial measured value,

Dissipation factor - - - - $hall not exceed the reguirement specified in 3.9.

3.17 Life {exponential only, see 3.i1). When capacitors are tested as specified in ‘
4.7.14, There shatl be no evidence of harmful corrosion, or ebliteration of marking
{if applicable) mechanical damage, intermittent shorts, or permanent shorts or opens,

3.17.1 Qualification inspection, When tested as specffied in 4.7,.14, capacitors
shall meet the following requirengnts:

At +25°¢C:
DC leakage - - - - - - . Shall not excesd the azpalicable value specified
(see 3.1).
Capacitance- -« - - « - « Shall change not more than the applicable value
specified (see 3.1) from the value obtained when
measured as specified in 4.7.5,
Dissipation facter - . - Shall not exceed the applicable value specified
{see 3.1).
At +85°C:
DC leakage - - « = « « - Shall not exceed the applicable valtue specified
{see 3.1).
At +128°C:
DL Teakage - ~ - « - - . Shall not exceed the applicable value specified
{see 3.1).
6
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. ( 3,17.2 Qualfty conformance inspection.

3.17.2.1 For group A inspection., When tested as specified in 4.7.3 or 4.7,17,

exponential or Weibull as ap?Ifcab1e, capacitors shal) meet the requirements specified
'5 or 20 wathull FR rYry) nr)ﬂing data froa the {ntnnrf{nn Int that meatc the

- a e

requirelents of 4,7.17 and 3,20 shal) be accepted in lieu of group B inspection data.

3.17.2.2 For group { Yife or extended Vife {see 4. 7.14.1). when tested as
specified in &.7.7%, capaclftors shall meel the Tollowing requirements:

At +25°C:

bC leakage -, - - - - - - Shall not exceed the applicable value specified
(see 3.1).
Capacitance- - - - - - - $hall change not more than =10 percent from the

value obtained when measured as specified in 4.7.5.
Dissipation factor - « - Shall not exceed the applicable value specified

(see 3.1).
At +B5°C:
DC leakage - « - - - <« « Shall not exceed the applicable value specified
{see 3.1).
At +125°C:
BC leakage - - - - - - - ?ha111n$} exceed the applicable value specified

3.18 Solderability. When capacitors are tested as specified Iin 4.7.15, the
immersed wetallized mounting surface or termipations shall be at least 75 percent
covered with a smooth solder coating and shall exhibit no demetalliization or leaching
of the terminal epnds. The remaining 25 percent may contain only small pinholes or
. rough spots, these shall not be concentrated in one area. 1In case of dispute, the

\ percentage of coverage with pinholes or rough spots shall be determined by sctual
measurement of these areas, as compared to the total area.

3.19 Resistance to solvents. When tested as specified in 4,7.16, marking shai?
remain legible and shall not smeear, and capacitors shall meet the following
requirements:

DC leakage - - - = = = - - Shall not exceed the requirement specified fn 3.7.

Capacitance- - - - - - - - Shall change not more than %2 percent from the
jnitial measured valuye.

Dissipation factor - - - - Shall not exceed the requirement specified in 3.9.

3.20 Weibull FR level grading (in liey of 3.6). When tested as specified in
4.7.17, capacitors shall exhibit decreasing fallure rate with respect to time as
evidenced by a value of beta {pg) which is less than one; and the instantaneous
faflure rate in the last interval shall be no more than the faflure rate specified,
After grading, capacitors shall meet the following requirements:

DC leakage - - - - - =« - Shall not exceed the requirement specified in 3.7,
Capacitance- - =~ = = = - - Shall be within the tolerance specified [see 3.1).
Dissipation factor - - - - Shall not exceed the requirement specified in 3.9.

Capacitors tested as specified in 4.7.17 shall be exeapt from group A percent
g:;ecfivg :llTunb1e (PDA) provisions (4.6.1.2) and exempt from 3.17.2.2 extended
e ) .
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3.21 Marking., Styles CWROD and CWRO4 capacitors shall be marked in accordance with
method [ of HIE-STU-IZSS, and shall be as specified {see 3.1}. A1) styles shall have
the following information marked on the package.

a. "JAN® prand.

b. Rated capacitance.

c. Rated voltage.

d. Capacitance tolerance.

e. Faflure rate level symbotl.

t. Type designation.

g. Manufacturer's source code per MIL-STD-1285.
Polarity marking shall be as specified {see 3.1).

3.21.1 “JAN" and "J" marking. The United States Government has adopted, and {s
exercising Vegitimate control over, the certification marks “JAR™ and "J* respectively,
to indicate eiectrical equipment, namely, resistors, capacitors, electron tubes and
the 1ike, acquired by, or manufactured for use by, or for the Government in accordance
with standard Government specifications. Accordingly, capacitors acquired to, and
meeting all of, the criteria specified herein and in applicable specification sheets
shall bear the certification mark "JAN", eacept that capacitors too small to bear the
certification mark "JAK" shall bear the letter "J", Capacitoers furnished under
contracts or orders which either permit or require deviation from the conditions or
requirements specified herein and in applicable specification sheets shall not bear
"JAK" or "J"., In the event a capacitor sample fails to meet the requirements of this
specification and the applicable specification sheet, the manufacturer shall reaove
the “JAN" or “J" from the samplie tested and also from all capacitors represented by
the sample. The United States Government has obtained Certificate of Registration No.
504,860 for the certification mark "JAK",

3.22 wWorkmanship. Capacitors shall be processed in such a manner, that when
examined under I0X magnification, they shall be uniform in quality and shall be free
from pits, ¢racks, rough edges, and other defects that wiil affect 1ife, service-
abitity, or function, The capacitors shall exhibit no demetallization {Yift-off) on
the terminations.

3.22.1 Soldering. A1l excess flux or solder shall be removed. £Electrical connec-
tions shalT be etectrically continuous after soldering.

4. QUALITY ASSURANCE PKOYISIONS

4.1 Responsibility for inspectfon. Unless otherwise specified in the contract or
purchase order, the suppiier 1s responsibie for the .performance of all inspection
requirements as spec{fied herein. Except as otherwise specified i{n the contract qr
purchase order, the supplier may use his own or any other facilities suftable for the
performance of the inspection requirements specified herein, unless disapproved by the
Government. The Government reserves the right to perform any of the inspections set
forth in the specification where such inspections are deemed necessary to assure
supplies and services conform to prescribed requirements.

4.1.1 Reliability assurance program. A relfability assurance prograw shall be
established and maintained Tn accordance with MIL.S5TD-790, Evidence of such
complifance shall be verified by the qualifying activity of this specification as a
prerequisite for qualification and continued qualification.

4.2 Classification of inspections. The inspections specified herein are classified
as follows:

a. Qualification inspection {see 4.4).

8

Source: https://assist.dla.mil -- Downloaded: 2016-11-25T14:26Z
Check the source to verify that this is the current version before use.



"considered the 1ast measyrement wmade at 25° ¢5°C prier to condftfonin

MIL-C-553658

b. Verification of quaiification (see 4 5},

¢. Quality conformance fnspection (see 4,6).

1
inspect {ons and methods

4.3,1 Conditions. Untess otherwise specified herein, all inspections shall be
rformed 1n accordance with the test conditions specified in the "GENERAL REQUIRE-
NTS5" of MIL-STD-202.

4.3.2 Methods.

4.3.2.1 AL measurements. AL measurements shall be made at the fregquency specified,

. The magnitude of the ac voltage shall be equal to or less than 1.0 volt root mean

square {ras}. The maximum dc bias voltage shall be equal to or less than 2.2 volts,

4,3.2.2 Reference measurements. When requirements are based on comparative
measurements wade before and after conditioning, the reference measurement shall be
Unless

reference measurements have been made within 30 days prior to the beg?ﬁning of
conditfoning, they shall be repeated.

4.1,3 Power suFEIZ. The power supply used for 1ife testing shall have a regulation
of 82 percent or less of the rated voltage. The power source employed for d¢ leakage
current measurements shall be stabilized to at least «100 parts per miliion. ODuring
measurements there must be no voltage fluctuations of sufficient amplitude to produce
a variation in the current measurement as read with any dc leakage current tester

A * *

”~ 14 men
- 1

USE€T LU TEsy
4.4 Qualification inspection. Qualification inspection shall be performed at a

taboratory acceptable to the bovernment [see 6.3) on sample units produced with

equipment and procedures normaliy used in production. Qualification approval will be

based on the successful compietion of the tests specified in table IY, and wilil not
be withheld pending completfon of the extended life test of 4.4.4.1a.

4,4,1 Sample size. The pumber and style combinations of capacitors to be subjected
to qualifica%1on Thspection shall be as specified in the appendices to this specifica-

tion.

4.4,2 Inspection routine. The sample shall be subjected to the inspections speci.
fied 1n table 1V, In the order shown, Al) sample units shall be subjected to the
inspections of group I. The units successfully completing group I inspection shall
then be divided as specified 1n table IV for groups I! through YI {or YIi) inclusive,
and subjected to the inspections for their particular group; for combined voltage
group submissions, each type shall be equally represented in each group (see 4.6.1.1).

4,4.3 Failures, Failures in excess of those allowed In table IV shall be cause
for refusal to grant qualification approval.

4.4.4 FR qualification,

4.4.4.1 Exponential. Exponentfal FR qualtification shall be in accordance with the
general and detalled requirements of MIL-5TD-690 and the following details:

a. Procedure 1 - Qualification at tne {nitial FR level. FR Tevel M of FRSP-&0
shatl apply. Sample gnits shali be subJected to the gqualification
inspectfon specified in group YI, table IV {(see 4.4,2). The entire life
test sample shall be continued on test to 10,000 hours as specified in
4,7.14.1 upon completion of the 2,000-hour gqualification test,

b, Procedure [i - Extension of qualification to lower FR ievels. To extend
qualification to FR Tevel P, data shall be Timited to each voltage group
within a specification sheet.

(N Procedure 11! - Maintenance of FR Tevel qualification. Maintenance peripd o
of FRSP-10 shall apply. Regardiess of the number of production lots
produced during this period, the specified number of unit hours shall be
accumulated to maintain qualification {see 4.6.1).
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TABLE 1Y, Qualification t1nspection. .,
i I | B! T i
[ Inspection |Requirement| Method | No. of | Mo. of |
i paragraph |paragraph]| sample |failures|
| 1/ | I junits to bejallowed |
| i | | inspected | |
l | { | | |
i | ) 1 i
| Sroup 1 | | | | i
i i I i i I
| Yoltage aging (exponential only, see i i | | |
| 3,1) = = e e - e e e e 3.6 4.7.3
DC Yeakage - - = - = = = = o - - - o 3.7 4. 7.4 178
| Capacitance- - = - =« = = = - - - - . | 3.8 | 4.7.% | | N/A |
i Dissipation factor « « - - - - - - - ] 3.9 ] 4.7.6 i i |
Yisual and wechanical examination- - | 3.4, 3.5, | | | |
i | 3.21 and | I I [
| | 3.22 | | ( | -
] [ i | } i
l Group 11 l = | ! :
1
| Yibration, nigh frequency- - - - - - | 3. 10 | 4.7.7 { 12 1\ |
; Thermal shock- - = « = = = = = « - - : 3.11 | 4,7.8 | | i
I i | {
, Group I1I ! E ! | {
|
I Resistance to soldering heat - - - - | 3.12 | 4.7.9 ] i i
Terminal strength (when specified, f | { 18 | |
| see 3, 1) - = - - - o 4 e a s ... | 3.13 I 4.7.10 | ! } 1 }
t Moisture resistance. - - - - - - - - i 3. 14 } 4.7.11 | ] |
I | | i
! Group 1V ! ! ! ! |
H i 1 1 ] 1
{ Stabiiity at low and high temperatures | 3.15 | ¢.7.12 | 12 i |
{| Surge voltage (exponentfal only, see [ | f } {
] . ! 3.16 | 4.7.13 | i |
i | i l | [
i Group V¥ I i I { |
i . t | ! i {
I Life {at *125%C) = = = « = = = = - - | 317 | &.7.18 | 28 ) 1
| { { |
! Group VI : 1 { { :
{ Life {at +85°C) {failure rate) - - « | 3.17 | 4.7.14 | 102 | 1
] { i { l
; Group V1l [ | | I |
‘ I } | ] |
| Solderabititys - = - = « = = « = - - | 3.18 | 4,7.15 | |
{ Resistance to solveats (when specified, | i i 10 | 0 |
{ see 1) » = - 4o - - e - o - - j 3.19 i 4.7.16 | | f
| | | i I

1/ For qualification of design changes only, manufacturers may submit Weibull data
instead of groups ¥ and V1 test data.
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4.4, 4.2 weibull. Welbull FR qualification will be granted only to manufacturers
who have achieved FR level P in accordance with 4,4 4,1, To extend qualification to
include Weibull FR levels, the manufacturer shall demonstrate the capapility of
Weibull FR Vevel grading {see 4.7.17), to the qualifying activity.

4.5 VYerification of qualification. Every 6 months, the manufacturer shall compile
s summary of the results of quality conformance inspections and, where applicaple,
extended FR test data, in the form of a verification of qualification report, and
forward it to the qualifying activity as the basis of continued gualification ’
agproval. in addition to the periodic submission of FR test data, the manufacturer
shall {mmediately noti{fy the qualifying sctivity whenever the FR dats indicates that
the manufacturer had fatled to maintain his qualiffied FR level., Conti{nuation shall
be based on evidence that, over the 6-aonth period, the following has been met:

a. VYerification by the qualifying activity that the manufacturer meets the
requiresents of MIL-STD-790,

b. 7The manufacturer has not modified the design of the {tem. Change in design
fncludes but is not limited to any change of materials or processes.

¢. The specification requirements for the {tem have not been gmended 50 as to
affect the character of the {temw.

¢. Lot rejection for group A does not exceed 5 percent or one lot, whichever
is greater, not applicable to table YB. :

e, Reguirements for group C are met.

f. The records of all FR tests combined per style substantiate that the M, P,
R, or 5 FR level has been maintained.

g. The records of a1l Wefbull 1ife FR tests are summarized for each
specification sheet, stress level, and acceleration factor (see table Y().

If group C requirements were not met and the manufacturer has taken corrective action
satisfactory to the Government, the forwarding of the ver{fication of qualification
report may be delayed until within 30 days after compietion of retesting of the
periodic quality conformance tests. In this case, the qualifying activity shall be
notified of this condition within the time that the original verification of qualifi-
cation report was due, A1l reports shall be certified by a responsible company
offictal. The qualifying activity shal) be contacted for the report format.

Fzjlure to submit the report within 30 days after the end of each 6-month period may
result in Joss of qualification for the product. In addition to the periodic
submission of inspection data, the supplier shall famediately notify the qualifying
activity at any time during the 6-month pertod that the inspection dats indicates
fajlure of the quaiified product to seet the requirements of the specification,

In the event that no producttfon occurred during the reporting period, a report shall
be submitted certifying that the company still has the capabflities and facilities
necessary to produce the item, If during three consecutive reporting periods there
has been no production, the manufacturer may be required, &t the discretion of the
qualifying activity, to submit a representative product of each style to testing in
accordance with the qualification inspection requirements.
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TABLE YA, Group A inspection {exponential distribution).

Quaiity levels (percent

] I | |
Inspection | Requirement | Test i defective) i
| paragraph | wethod | t
[ ! | paragraph | i
i | i I All FR ltevels |
| I | i |
| | ] i |
E Subgrouwp 1 ! { | i
| f
| Yoltage agfng - - - - - - ] 3.6 i 4.7.3 | 1002 inspection i
| | | { |
| i | ] KTT TR Tevels i
! ! | | | .
f E Wajor Rinor }
I Subgroup 2 ! | | |
| | .
| Yisual and mechanical i | |
| inspection (external) - - | 3.1, 3.4, | 4.7.2 | 1.0 (AQL) I 4.0 [AQL) |
| | 3.5, 3.21 | { 7.6 {LQ) i 18.0 (LQ} |
{ | and 3.22 | I { |
i ] { | ATT FR Tevels i
E Subgroup 3 } i } i
| Stabfility at low and | | i |
[ high temperatures - - - - | 3.15 | 4.7.12 | 1.0 (AQL) |
| | | i 7.6 (LQ) }
| Subgroup 4 J | | i
| | | ]
Surge voltage - - - - - - | 3.16 i 4.7.13 | 12 1/ !
i

1/ Twelve units from subgroup 3 sampies to be submitted to this test, one failure

aiiowed.

TABLE VB. Group A inspection {weibull distribution).

Quality levels {percent

| I |
l Inspection | Requirement | Test defective) i
| | paragraph | wmethod {
E 1/ { : paragraph : ATl FR Tevels {
| i | { Najor I Minor |
! | | ] I !
I 1 i I {
; Subgroup 1 } : : | :
i
| Life (accelerated fatlure |} | | | |
[ rate) 2/- - - - - . - - . | 3.20 E £,7.17 i 100% inspection { I
| |
| Subgroup 2 i | | | |
| | | | I |
| Yisual and mechanical i i i i |
| inspection (externall - - | 3.1, 3.4, | 4.7.2 | 1.0 {AQL) [ 4,0 {AQL) |
I [ 3.8, 3.21 | | 8 (L) | 18.0 (LQ) |
, | and 3.22 | | i |
Subgroup 3 : | | ATT FR Tevels }
I i }
| Stability at low and I | | Sample Accept i Reject '
{ high temperatures - - - - { 3.1% | 4.1.12 |
I i I
I i i 13 pes. | 1 faflure|2 or more|
I ! | {failures |
| | i | | |
1/ Saapling need only conform to requirements of §.6.1.1.1 {exponential distribution}.
2/ Exempt from 5% PDA; rejects shall not be delivered on the contract or order.
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TABLE YC, wetbull greding failure rete summary,

Burn-in test voltage ' Manufacturer
Yoltage stress level Location
Acceleration factor Military style
l 'T { ! I T } ! ) l
Weibull Nominal f[Ratedi{Quantity| Date {Quantity{Quantity|Duration| I l |
[inspectfon(capacitance] dc [started |placed| of Z | of end |(real | | Rate |
1ot number| valuye Ivolts| | on hours of testl time {Beta]| 3/K |
i { ] l | test linitial |[faflures| test | | hours |
i ! | | { fatlures| { hours) | | ]
r J | | | | - { ] { |
T T | T ! } ] ! J] |
I | | I ! | |
| ) ! | 1 I |
| | ! | i | l }
( Kl N3 i 1) i | |
’ ! { | | | | i { f
h] ) i T i b ] 1 i
| { | | i | | {
| T i - i I 1 [
! | [ | | ] |
1 | | i 18 |
! .t 1 | | | |
] ] | I i 1 1 {
[ ! J ] I | ] I
I T 1 [ 1 { i
| | | | i | |
i 1 T | I ! |
| | | | | | { | i
| I 7 H i T ! i T !
| | _ | [ i
| { l i |
| | | | | i l
| T T 1 i 1 i {
i | | | | { i N |
} i I i | L
| I ] Il 1 |
{ { | { | |
| i I 1 I | {
! | | i | [ ] i | ! |
i | | 1 T | T [ { T |
} | i i | N [
i i ! f [ I |
! | | | I |
| 1 i ] 1 i
j ] i ! { { i | ] i
i 1 1 1 i ! | |
| | I { l {
| T B i
I | | {
' ' ! T T |
I | | In H | | | | I
T T ] T I T T T {
i | | | | | |
l | [} 1N l [ i
i | | i | | |
| T T , T T _ r !
’ | | | X i | | | | 1
1 T i 11 ! ! 1 ] I |
{ { | i i i I | i | {
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4.6 Quality conformance inspection.

4.6.1 Inspection of product for delivery. Inspection of product for delivery
shall consist of groups K and U Tnspections. However, shipment need not be held
pending the results of group C tests.

4.6.1.1 Inspection lot,

4.6.1,1.1 Exponential distribution. An finspection lot shall consist of capacitors
of the same specification sheet lsee 3.1}, from the same production line or 1ines, of
the same basic design, produced under essentfally the same conditions, and offered
for inspection during a single month. Capacitors of the same specification sheet
aust be maintained to at jeast the P level., The capacitance values and voltages
produced shall be represented in the lot in approximately the ratio of production.
Yoeltage groyps shall pe as follows:

) (. 2 to 20 volts inclusive
5 S, - - 25 to 50 volts inclusive

4.6.1,1.2 MWeidbull distribution. Amn inspection lot shall consist of capacitors of
the same specTfication sheet (see 3.1), voltage rating, design, and nominal
capacitance rating produced in the same case size, Manufacture of all parts in the
1ot shall have been started, processed, assembled, and tested as a group. Lot
identity shall be maintained throughout the manufacturing cycle. A1l anodes shall be
fabricated from a single identifiable powder lot.

4,6,1.2 GrouE A inspection. &Group A fnspection shall consist of the inspections
specified in table or , and shall be made on the same set of sample units, in
the order shown.

4.6.1.2.1 Sampling plan, Sampling shall be as specified in table VA or tadle VB,
The SIIp]in? plan For subgroup 3 shall be in accordance with MIL-STD-105 for special
inspection level 5-4, Statistical sampling and inspection for subgroups 2 and 3
shall be in uccordance with MIL-STD-105. The acceptable quality levels (AOL! and
Timiting quaiity (LQ) where P, » 103 shall be as specified in table VA or table
YBE. At the option of the manufacturer, numerically lower AQL's may be used as long
as the specified LQ 1s not exceeded numerically. Major and minor defects shall be as
defined 1n ¥/L-S5TD-105 and as specified in table VA or YB. For exponential
distribution:

a. The samples selected to form the 1ot shall be representative of the case
siz2s and voltage groups produced during the sampling period.

b. If, during the l00-percent inspection of subgroup I screening reguires
that over 5 percent of the capacitors be discarded, the 1ot shall be
rejected and shall not be resubmitted. ODefective units obtained froa lots
with less than & percent defective allowed {PDA) may be reworked and
resubmitted only once.

. A one-percent PDA shall apply to all resubmitted lots.
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4.6.1.2.2 Manufacturer's production inspection. If the manufacturer performs tests
similar to those specified in subgroup I, table VA or table VB, as the fina) steg of
his production process, group A. subgroup 1 inspection may be walved and the data

resulting from the manufacturer's production tests say be used instead. Authority to

.i.al';'xc the subg—eu; 1 lnrpnl"{nn thx"‘l he g-‘lnfﬂl" h\l l‘hﬂ qu‘n_!ifufnd lf’f{?‘fu’ ﬂl\"V

The following criteria shall be complied with:

a. Tests conducted by the manufacturer during production shall be clearly
identical to or more stringent than that specified for subgroup 1. Test
conditions sha)) be equa) to or wore stringent than those specified for
subgroup 1.

b. Manufacturer subjects 100 percent of the products supplied under this
specification to his production tests.

¢, The parameters wmeasured and the faflure criteria shall be the same or more
stringent than those specified herein,

d. The Tot rejection criteria shall be the same or more stringent than that
specified herein.

e. The manufacturer shall make available a1l information concerning the test
procedures and instrumentation used in his production tests. This data
shall be provided as part of the evaluation required for MIL-STD-790, The
manufacturer shall also make availabdble to the Government all records of all
detail test data resulting from production tests,

f. Once approved, the manufacturer shall not change the test procedures or
criteria without prior notification and concurrence by the qualifying
activity.

4.6.1.2.3 Disposition of sample units. Sample units which have been subjected to
subgroup 4 of group R Tnspection shall not be delivered on the contract or purchase

srder,

4.6.1.2.4 Rejected lots. Inspection lots rejected as a result of faflure to pass
subgroup 2 inspection may be resubmitted for Government acceptance only {f the
manufacturer performs 100-percent inspection on capacitors of the lot for those
characteristics which were defective and resulted in réjection of Tot, removes all
defective units and resubefts the lot for quality conforeance {aspection, Inspectfion
lots rejected as 8 result of fatlure to pass subgroup 3 or subgroup 4 shall not be
resubeitted. Resubmitted lots shall be kept separate from new lots, and shall pe
clearly identified as resubmitted lots.

4.6.1,3 Group L inspection. Group C $nspection shall consist of the tests
specified in table VI, in the order shown. Group C inspection shall be wade on
sample units selected from inspection lots which have passed group A finspection;
however, sample units subjected to surge voltage shall not be used.

4.6.1.3.1 Sampling plan. There shall be B9 sample units of each specification
sheet taken from production every 2 months and subdivided as specifled for the
subgroups iisted in tabje Vi and subjeécted to the iests specified ia those subgroups
in the order shown., The maxisus and minimum case sizes manufactured during that
month shall be represented in the sample fn at least the approximate ratio of

production. Allowable fatlures shall be as specified 1n tadle VI.

4.6.1.3.2 Disposition of sample units, Sample units which have been subjected to
group L inspection shall not be delivered on the contract or order.
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4.6.1.3.3 MNoncompliance. If a sample unit fails to pass group C inspection, the
supplier shalT‘fiYFREEFFEEt1ve action on the materials or processes or both, as
warranted, and on 211 units of product which can be corrected and which were manufac-
tured under essentially the same conditions, with essentially the same matertals,
processes, etc., and which are considered subject to the same failure. Acceptance of

ment has been taken. After the corrective actfon has been taken, group C {aspection
shall be repeated on additional sample units (all inspections or the inspection that
the original sample fafled, at the option of the Government). Groups A and B inspec-
tions may be reinstituted; however, final acceptance shall be withhelid until the

group ¢ reinspection has shown that the corrective action was successful. LIn the
event of failure atter reinspection, information concerning the faflure and corrective

action taken shall be furnished to the cognizant inspection activity and the
quatifying activity.

4,6.2 Inspection of packaging. The sampling and inspection of the preservation, )
packin%§ and container warking shall be in accordance with the requirements of
MIL-C-39028.

TABLE ¥l. &roup C inspection.

| | | [No. of sample| No. of
l Inspection | Requirement | Method | units to be (faillures !
; ; paragraph | paragraph | 1inspected (allowed |
| | i i
| ] l | [ i
| Subgroup ! I | | i i
| | | | | i
| Yipration, high frequency - - - | 3,10 b &.7.7 ! 12 ) ;
| Thermal shock - - = = -« - - «- = | 3.11 | 4.7.8 ! f |

| [ | 1 |
Subgroup 1} E E ( | 1 |
| i |
| Resistance to soldering heat- - | 3.12 | 4.7.9 | i l
i Terminal strength twhen ] i | 18 ;J |
| speciflied, see 3.1) - - - - - - [ 3,13 | 4.7.10 i I |
| Mofsture resistance - - « - - - | 3. 14 | 4.7.11 i | |
I i | | | |
f Subgroup 111 | ] | | i
l Life (2,000 nrs 2t +125°C)- - - ﬁ 3.17 ! 4.7,14 ! 24 § 1 i
I | | | | i
{ Subgroup 1V } i | i |
. { I | i |
| Life (10,000 hrs at +85°C) FR } | { | |
I (exponential onlyj)- - - « - - - \ 3.17 | 4.2.14,1 | 25 minimum | See |
| ! ] | per style | 4.4.4.1 |
| | | | i |
| Subgroup V | ! | ! |
i } | | i |
| Solderability - - -« - - - - - - | 3.18 | 4.7.15 | | ¢ {
‘ Resistance to solvents (when | | l 10 { |
! specified, see 3.1} - - - - - & i 3.1% i 8.7.16 ! i ) |
I | i | | |
16
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4.7 Methods of inspection and test.

4.7.1 Mounting far testing., Mounting 15 cptional for test environments; however,
when sqecified in the test procedures, the chip capacitors shall be mounted on a
suitable substrate (e.g., 96 percent alumina). The substrate saterial shall be such
that {t shall not be cause of, nor contribute to, fatlure of any test for which it
may be used. The capacitors shall be mounted on the substrate as follows:

a. A substrate shall be prepared with metallized surface land areas of preper
spacing to permit mounting of chips by soldering the terminations of the
chips to the "test card” land areas.

b. Solder paste, type "R" or "RMA* in accordance with QQ-5-571, shail be
applied to tersinals or substrates as applicable.

c. The chip shall then be placed across the metall{zed 1and areas of the test
substrate so as to meke contact between chip and substrate land areas.

d. The substrate shall then be placed fn or on a sultable heat transfer unit
(molten soldep, hot plate, tumnel oven, etc.,) with the temperature main-
tained at 260 C *5°( for 2 minutes -0, *+30 seconds, until the solder paste
melts and reflows forming 2 homogeneous spider bond to the metallized

Lo bmntda
SUPILT LT,

e. A)} excess flux or solder shall be removed,

4,7.2 VYisyal and mechanical inspection. Capacitors shall be examined to verify
that the materials, design, construction, physical dimensions, wmarking, and workman-
ship}are in accordance with the applicable requirements (see 3.4, 3.5, 3.21, and
j.2z}, .

4.7.3 Voltage aging (exponential onlyj (see 3.6}. Capacftors shatl be subjected
to a minfmum of 100 percent of dc rated voltage for 40 hours, minimum, at a
temperature of B85 *5 C. The voltage aging circuit shall have a series resistance of
3.0 ohms, maximum. Capacitors shall then be stabilized at room temperature and the
dc leakage, capacitance, and dissipation factor shall then be measured as specified
in 4.7.4, 4,7,5, and 4.7.6, respectively.

4.7.4 DC leakage (see 3.7}, DC leakage shall be measured using the dc rated
voltage *Z percent ¢t {he appliceble test temperature {(see 3.1}, after a maximum
electrification perfod of 5 minutes, A 1,000-ohm resistor shall be placed in series
with the capacitor to limit the charging current. A steady source of power, such as
a regutated power suppiv, shall be used., Unless otherwise specified (see 3.1}, :
measurement accuracy shieil be within ¢2 percent or 0.02 wicroampere (uA), whichever
{s greater (see 4,3,3).

4,.7.5 Capacitance (see 3,8). Caspacitors shall be tested in accordance with method
305 of MIL-STU-ZUZ. UnTess otherwise specified {see 3.1}, the following details
shall apply:

a. Test fregquency: 120 *5 hertz [(Hz).

b, Limit of accuracy: Measurement accuracy shall be within %2 percent of the-
reading.

¢. Magrnitude of polarizing voltage: Maximum dc bias shall be 2.2 volts for
211 ac measurements. The magnftude of the ac voltage shall be limited to
1.0 volt root mean square (rms),

4,7.6 Dissipation factor (see 3.9). The dissipation factor shall be me2sured at a
fregquency of 120 #5 Hz {unless otherwise specified, see 3.1} by means of a polarized
capacitance bridge. The bridge shall provide a dial reading accuracy of 0.1 percent
dissipation factor and a measuring accuracy of ¢ (Z percent of the measured dissipa-
tion factor plus 0.1 percent).
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Yibration, high frequency (see 3.10). Capacitors shall be tested in accord-
ance with method Zﬁl oi HIE-EID-ZEE. The following details and exceptions shall

apply:

a.

Lol

f.

9.

Mounting of specimens: Capacitors shall be wounted on a substrate s
specified in 4.7.1,

Electrical-load conditions: During the test, the specified dc rated voltage
(see 3.1) shal)l be applied to the capacitors.

Test condition

Tetter: D {20 g).
Duration and direction of motian: 4 hours ta each of two mutuslly perpen-

dicuiar directions (total of B-hours), one paraliel and the other perpen-
dicular to the axis.

Measurements during vipration: During the lest cycle, an electrical
measurement shall be made to determine {ntermittent operation or open- or
short-circuiting. Observations shall also be made to determine interafttent
contact or arcing or open- or short-circuiting. Detecting equipment shall be

sufficiently sensitive to detect any f{nterrupticn with 2 duration of 0.5
afllisecond {ms}, or greater.

Measurements after vibration: WNot applicable.

Examination after test: Capacitors shall be visually examined for evidence
of mechanical damage.

4.7.8 Thermal shock (see 3.11), Capacftors shall pe tested in accordance with

method 107 of MIL-5TU-20Z., The following details and exception shall apply:
a, Mounting of specimens: Capacitors shall be mounted on a substrate as

specified in 4.7.1.
Test condition letter: B,

Measurements after thermal shock: DC leakage, capacitance, and dissipation
factor shall be measured as specified in 4.7.4, 4.7.5, and 4.7.6,
respectively.

Examination after test: Capacitors shall be visually examined for svidence

of harmful corrosion, mechanical damage, and obiiteration of marktag (if
applicable}.

- O

l1dering heat {see 3.1
g of MIL_STD_ 202, Th

T o e

2).

£al
B Wb

i £

apac
owin

i
ng

Mounting of specimens: Capacitors shall be mounted on & substrate as
specified in 4.7.1.

Test condition letter: & or B, as specified {see 3.1).
Cooling time prior to measurement after test: Mot applicable.

Examination after test: Capacitors shall be visually examined for evidence
of mechanical damage.

Depth of immersion in molten solder: Leads shall be immersed to within .250
tnch of the case,
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4,7.10 Terminal strength {when specified, see 3.1}{see 3.13). Capacitors shall be
tested in cccoFBancé‘FTT% method ng of WIL-STU-20Z. The Tollowing details shall
apply, unless otherwise specified (see 3.1):

a. Test condition Vetter: A, the body of the capacitor shall be secured;
0.5 pound applied force.

b. Test condition letter: C, 0.5 pound applied force.

acitors shall be visually examined for loosening of the terminals
e to the terminals,

After the test,

c
and normanant dam
ang permanent 4am

ap
damag

4,7,11 Moisture resistance (see 3,14), Capacitors shall be tested in accordance
with method 106 of WIL-5TU-202Z. The following detafls and exceptions shall appiy:

a. Mounting of specimens: Capacitors shall pe mounted on a substrate as
specified in 4.7.1.

b. Initfal measurements: Capacitance as specified in 4.7.5,

¢. MNumber of cycles: 20 continuous cycles except that steps 7a and 7b shall be
omitted.

d. Loading voltage: Not applicable,

e. Final! measurements: After removal from chamber, capacitors shall be dried
for 1 hour at room temperature and, within the next hour, dc Jeakage,
capacitance, and dissipation factor shall be measured as specified in 4.7.4,
4.7.5, and 4.7.6, respectively.

f. Examination after test: Capacitors shall be visually examined for evidence
of harmful corrosfon, wechanical damage, and obliteration of marking (if
applicatle).

4.7.12 Stabiltity at low and high temperatures {see 3.15). <Capacitors shaii be
dried at +TZ5'C for 30 ¥%, -0 minutes, prior tc start of test. OC leakage,
capacitance, and dissfpation factor shall then be measored as specified in 4.7.4,
4.7.5, and 4.7.6, respectively, at each of the temperatures specified in tabie VYII,
except that dc leakage measurements at -55C {step 2) are not required. The
capacitors shall be brought to thermal stability at each test tesperature. Theraa!
stability will have been reached when no further change in capacitance fs observed
between two successive measurements taken at 15 +2, -0 ainute intervals.

TABLE YII. Temperature for stabfiity test.

| ] |
i Step : Test temperature {
| { . |
I { {"C) |
! | [
| 1 { +25 42 |
| 2 | -55 *0, -3 |
i3 { +25 a2 |
| 4 | +85 +4, -0 [
| 5 i +125 +4, -0 |
i} 6 { +25 42 }
} f !

4.7.13 Surge voltage {(see 3.16). Capacftors shall be subjected to 1,000 cycles of
the applicable sur%e_voT}cge specified fn table 1. The ambient temperature during
¢cycling shal) be *85 #5°C, Each cycle shall consist of a 30 +¢, -0 second surge
voitage agplicatfnn followed by & 30 *2, -0 second discharge period. Volta?e appiica-
tion shall be sade through a resistor of 33 ohms. The tolerance of the restistor
shall be *5 percent. Each surge voltage cycle shall be performed in such a manner
that the capacitor §s shorted terminal to terminal through a copper bar, or an
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equivalent low resistance at the end of the 30 *2, -0 second application. An
alternate method of shorting the capaciters ts discharge through the same resistance
that 1s utilized for charging. After the final cycle, the capacitors shall be

stabilized at the inspection conditions specified in 4.3, and the dc leakage,
capacitance, and dissipation factor shall he measured ag specified in 4.7.8 &.7.5

FeL waRLT Sl =<2 Srpmms iwu 1 WM.l LB, Veise »

and 4.7.6, respective1y

4.7.14 Life [(see 3,17}, Capacftors shal! be tested in accordance with method 108
of MIL-STDZ20Z. The following details and exceptions shall apply:

a. Metnhod of mounting: As specifieg in 4.7

€ n L] 1
3 Sp<T T4 i .,

b. Test temperature and tolerance:

{l) For qualification: Capacitors being sub{ected to the test of group ¥ of
table 1V shall be tested at +125° *4, .0°C. Capacitors be{ng subjgcted
t

ol o oo PP L Pl

to the test of group YI of tabie I shall be Estéu at *85 +*4&, -0 C,

{2} ¥8rcgroup C (2,000-hour proof): Capacitors shall be tested at *+125° +4,

c. Operating conditions: OC rated voitage (see 3.1) or derated voltage at
+125°C (see table I}, as appiicable, shall be applied graduaily i{mot to
exceed 5 minutes either by a slow buildup of the voltage or through a
resistor which shall be shorted out within 5 minutes}. VYoltage shall be
appiied continuousiy, except for measurement periods. The iampedance of the
voltage source, as seen from the terminals of each capacitor, shall not
exceed 3 ohms, Storage batteries or an electroaic pawer supply capable of
supplying at least 1 ampere when a capacitor is shorted shall be used.

d. Test condition letter: F (2,000 hours).

e, Measurements during exposure: O0OC leakage at the applicable high test
tamperature shall he maagured 2t spegified in 4, 1,4 2% 0, 240 +48, .0 ng

1, 000 +48, -0 hours; and 2, 000 *72 -0 hours.

f. MNeasurements after exposure: Capacitors shal)l be returned to the inspecticn
conditions specified 1n 4.3, and visually examined for evidence of mechanical
damage; d¢ leakage, capacitance, and dissipatfon factor shall then be
measured as specified in &4,7.4, 4.7.5, and 4,7.6, respectively,

4.7.14.1 Extended Vife {exponential only)., Capacitors shall be tested as

spectfied in 8.7.14, except the test temperature shall be *+85° +4, -0°C, and the
duration of test shall be 10,000 hours. DC lTeakage shall be leasured as specified in

4.7.4 at *85°C at 0; 240 +48, -0 hours; 1,000 *48, -0 hours; 2,000 +72, -0 hours; and
every 2,000 hours thereafter until} 10,000 +96, -0 hours have elapsed. Final
measurements shall be in accordance with §.7. 14f,

4,7.15 Solderability {see 3,18). Capacitors shall pe tested in accordance with
method 208 of NIL-STD- 562 Rountlng surfaces shall be dipped to cover the normal
mounting surfaces. After the test, the metallized edges shall be examined.

4.7.16 Resistance to spolvents {when specififed, see 3.1)(see 3.19). Capacitors
shall be tested in accordance with method ZI5 of MIL-5TD-20Z. The following
exceptions shall apply:

a. B8rushing fs not required.

b. Measurements after test: DC leakage, capacitance, and dissipation factor
shall be measured as specified in 4,7, 4, 4,7.5, and 4,7.6, respectively.
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4,7.17 Neibul) FR level grading (see 3.20). Capacitors shall be tested in
. ( accordance T WIT-STU-20Z. The following detafls and exception shail
appliy:
&, Digtance of temporature fros gpecimens, in inches; Not applicable,

b. Method of mounting: Capacitors shall de mounted by their tersinations.
c. Test temperature and tolerance: +85°C +4°, -0°C.

d., Operating conditions: Accelerated dc voltage as applicable (see table
YIIi), shall be applied gradually (not to exceed 5 minutes py a slow
buildup of the voltage). Maximuym acceleration, 20,000:1.  Yoltage shall be
appiied continuously, except for faflure count periods, The impedance of
the voltege source, as seen from the terminals of each capacitor, shall not
texceed one chm. An electronic power supply capable of supplying at jeast 5
amperes when 8 capacitor is shorted shail be used,

e. Minimum sample size for monitoring at beginning of test prior to fnfant
mortal period: 300 pieces, or 100 percent, whichever is less.

f. Duration of test: 40 hours minimum.

Timing: Infant mortal period Xy X2
v 0 15 minutes 2 hours 40 hours
maxiaum minimun sininum

g. Failure definftion: A failure is defined as & blown fuse or equivaient.

h. Faflure count during test: The lot size (see 4.6.1,1.2) to be graded is
sctabliched after romoval of arnss defectives (infant mortality} (1§
@inutes maximum), The first failure count shall be performed at least 2
hours after the test was started. The nusber of blown fuses and the time
under test shall be recorded to within #0.} hour. Calculate the fraction
failed, py, at time, x3, see eguation 4 (6.7.2). Optionally, MIL-5TD-650,
table 11 }RSP-90 way be used to compute the faflure rate base on the

ated part hours generated when ¢ = 0, (see examples A and B, 6.7.2).

1. Failure count after test: A failure count shall be performed after 40
hours minfsum after the test was started. The nuaber of blown fuses and
the time under test shall be recorded to within #0.1 hour, Calculate the
cumulative fraction fafled, pp, at time, x2, see equation & (6.7.2).

j. Lot failure rate: Determine Z (t) from equation 3 (6.7.1). If the desired
faflure rate hzs been achieved, the 1ot may be removed from test.

k. Continuation grading: 1If the desired fajlure rate has not been reached,
the lot may be continued on test. The time to reach the faflure rate goal

may be determined from equatfon 5 {6.7.2). If the time calculated to reach
the goal faflure rate is excessive, the lot may be discarded in favor of a
new lot,

1. Measurements after exposure: Capacitors shall be removed from the test, be
stabflized at room ambient conditions [see 4.3) and the d¢ leakage,
capacitance and dissipation factor, shall be measured as specified in
4.7.4, 4.7.5, and 4,7.6, respectively.

5. PACKAGING

5.1 Packaging requirements. The requirements for packagfng shall be ir accordance
with MIL-C-39028. o

®
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6. NOTES

6.1 Intended use. Tantalum chip capacitors are intended to be used in thin or .)
thick fiTm hybrid circuits where microcircuitry is indicated. They are not intended

fg; replacesent purposes, therefore, no interchangeability or substitution data are
offered.

6.2 Ordering data. Acquisition documents should specify the following:

6.2.1 Acquisition requirements.

a. Title, number, and date of this specification.

b. Title, number, and date of the applicable specification sheet, and the
complete type designation (see 3.1).

€.3 Qualification. 2/ With respect to products requiring qualffication, awards
will be made only for products which are at the time set for opening of bids,
quatified for fnclusion in the applicable qualified products list, whether or not
such products have actually been so listed by that date. The attention of the
suppliers is called to this requirement, and manufacturers are urged to arrange to
have the products that they propose to offer to the Federal Government, tested for
qualification, in order that they may be eligible to be awarded contracts or orders
for the products covered by this specification, The activity responsible for the
qualified products 1ist is US Army Laboratory Command: however, informztion
pertaining to qualification of products may be obtained from the Defense Electronics
Supply Center (DESC-E), 1507 Wilmington Pike, Dayton, Ohio 45444,

-

6.4 Standard capacitor types. Equipment designers should refer to MIL-STD-198,
“Capacitors, Selection and Use of," for standard capacitor types and selected values
chosen from this specification, MIL-5TD.198 provides & selection of standard
capacitors for new equipment design.

€ 53 ta, Cspacitors of this cpecification unilaterally supercede

£.5 Supersessicn gz sde
the capacitor types and styles of equivalent capacitance, capacitance tolerance,
voltage rating, case size, and faflure rate level covered under MIL-C-55365A (see
3,1), For fatlure rate levels B, C, D, and E the superseding specification changes
the method for calculating faflure rate. The reliability of the capacitors made
against the specification has not changed., The superseding specificatfion requires
lot-by-10t assessment of failure rate §n place of a statistical process average.
Qualified manufacturers may mark exponential faflure rate dash numbers on parts that
have been Weibull graded to levels B, C, 0, or E. Items having a Wefbull failure
rate level (FRL) may be substituted for {tems of an exponential FRL as shown in table
¥I11. Wetbull FR determination is based on lot by 1ot 1003 qualtty conformance
accelerated failure rate 1ife testing. For example:

2500 capacitors have a voltage rating (V.) of 50 ¥ dc.
Xa0 hours Weibull 1ife test at 65 ¥ dc. voltage applied (V,).
X279.1496  acceleration factor for ¥, /¥, = 1,3000.

. . accelerated part hours.

27 SD-%, "Provisions Governing Qualification,® is issued for the information of
applicants requesting qualification of products. Copies of this publication
may be obtained from the Commanding Officer, Xaval Publications and Foras
Center, 5801 Tabor Avenue, Philadelphia, Pennsylvania 1%120.
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Weibull FRLs are detersined from actual lot performance data. Exponentia) FRL
determination starts with severa] production lots which may be included in the same
inspection lot. For example, 4 production lots of 2,500 capacitors have a voltage
rating of 50 ¥ dc are offered for inspection in the same inspection lot.

10,000 capacftors with a voltage rating {V,) of 50 V dc.

X40 hours voltage conditioning 2t 50 ¥ dc sinimum.
part hours, however, exponential lot veltage conditioning performance

data are not used to detersine FRLs.

Py, £ 1A NN - o= m F3

110 sampies are drawn from the inspection iot of 10,000 capacitors.
%2000 hours group C life test at 50 ¥ dc voitage applied.

, part hours, however, data accumulated and used to determine FRLs,
10 samples selected upon complieting each group C inspection.
X9760 hours continuation 1ife testing to 10,000 hours.

. rated condition part hours for FRL maintenance.
Exponential FRLs are based on the aggregate averzges of a few samples drawn from many
Jots maintatned in accordance with MIL-5TD-690.

TABLE VIII, Ffallure rate level substitutability.

Parts quatified to | Are substitutable for |
failure rate level | faflure rate level {

1 T

| 0 | M, P, R, S, B, and C |
i ¢ | %, P, R, §, and B |
! B | W, P, R, 2nd § |
{ 5 | M, P, and R |
| R [ M and P [
| [ | M I
| | |

6.6 Spldering heat. Caution should be exercised when subjecting these units to
soldering heat. Preneat and soldering exposure times and temperatures should be held

to a minfmus.

6.7 MWeibul) FR level determination, Time ordered distribution of faflures for
5011d tantalum capacitors is described by the Weibull equation:

Flx) « 1 - exp [— * }

Equation }

cumulative fractton fajled (p) at time x
actual test time

Wetbull “shape parameter” [beta)

Welbull “scale parameter”

Where: F{x)
X

This Eelationsh!p may be plotted on graph paper which {s constructed with Yn x 25

1
abscissae and In In 1i-py as ordinates. Auxfliary scales sllow plotting x and p
directly. A straignt line ts obtatned. The slope of this line {5 8, and the y-
intercept 15 -1n a. Figure 1 {llustrates a typical Meibull plot.

At an{ time x, values for s and p can be obtained and the Tot fatlure rate 7 (x) may
be calculated from Eguation 3. A second plot of fallure rate versus time may be
drafted as {ndicated on figure 2. The slope of this Yine s p-1. Acceptablie
capacftor lots always exhibit decreasfng fallure rate with respect to time as
evidenced by a value of » which ¥s less than unity, ‘
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6.7.1 Acceleration factors, In order to provide the equivalent of several thousand
nours of Testing within a practical time frame, voltage acceleration 1s employed. It
has been determined that the application of voltage in excess of rated voltage
produces 2 higher faflure rate than that observed when the devices are operated at
the nominal voltage rating. On the Weibull plot, a strafight line, parailtel to the
line representing rated voltage {s obtained. The increased number of faflures
indicated by the line representing the higher voltage resulits from increased
dielectric stress. The slgpes (a? of both Tines are esseatially the same, but the
time {x) required to produce any specified p is reduced as voltage is increased. As
a result, acceleration factors may be specified which define the relationship between
operation at rated voltage &nd operatichn at highevr-than-rated voltages. . For exasple,
a 1ot of capacitors having a voltage rating of 50 ¥ dc might be tested at 65 ¥ dc. -
In this case, the ratic of ag lied voltage to rated voltage s 1,30, resu1t|n? in an
acceleration factor (A} of 2 In practical terss, operation of these capacitors
for 1 hour at 65 ¥ dc is equivalent to operation at 50 ¥ d¢ for 279 hours, This
relationship m2y be mathematically represented as:

Equatton 2
8 8-1 1
Zit) » Z{Ax) = X " —_—
& A

In conjunction with Equation 1, this function may be restated as:

Equation 3
-8 In{1-p) 105
z‘t)sFI e ———— - —
4 A

The 105 factor allows for expression of Z{t) in terms of percent per
1,000 hours when x dencter heurs, Table 1X {1Tuctrates 2 range of

acceIeration factors normally used for Weibull FR determination.

6.7.2 Gradina calculations. On the basis of fajlure counts at x; and x; 25
specified in §,7.17, e stope between these points is calculated as follows:

Equation 4

The fatlure rate at time xp is then determined from Equatfon 3:

-8 In {l-pz2) x 105

Fz =
xzA

1f additional grading time 1s required to reach the desired failure rate, the required
time xg may be deterzined as foliows:
Equation 5
In Fg - InFp

1nxg = * In xp
& - 1
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Equation &
vl
A . 7.03412025x10-% elB.77248321 ,
A = Acceleration factor L
e = Natural logarithm
Y, = Accelerated voltage
Y. = Rated voltage

Examples: A,

TABLE IX. wNominal acceleration factors,

Grading stress [ Accelerated
Yo/¥e 1/ | factor
— |

| |
I

I I
| !
i f

| 1.0000 | 1.0000 |
| 1.1000 i 6.5355 |
i 1.2000 { 42,7128 |
{ 1,3000 | 279.1496 |
| 1.4000 1,824.3823 |
1.5000 11,923,2626 |

| 1.5276 { 26,000.0000 |
t ! !

1/ V¥, = accelerated voltage;
¥r = rated voltage.

880 capacitors tested at z grading stress level of 1.2300 (75.0139
acceleration factor) for 40 hours resulted in zero failures.

£ A
, 6450 ,489 hours

580 (75.013% % 40) = 2
C =0
FR = B level (MIL-STD-6%0 FRSP-90}
1,350 capacitors tested 2t & grading stress level of 1,3300 (490,2535
acteleration factor) for 40 hours resulted in zero faflures.

1,350 {490,2535 x 40) = 26,473,689 hours
C =0
FR = C level {MIL-STD-690 FRSP-90)

400 capacitors tested at a grading stress level of 1.4000 (1824,3823
acceleration factor} for 40 hours resulted in 1 failure at x;: no
additfonal faflures at xjp.

400 (1824,.3823 x 40) = 29,190,117 hours

FR = B level (MIL-STD-6%0 FRSP-90)

100 capacitors tested at a grading stress level of 1.4000 (1824,3823
acceleration factor) for 41 hours resulted in 3 faflures at xy; no
additional faflures at x3.

100 (1824.,3823 x 41) « 7,479,967.430

FR a B Jevel (MIL-5TD-690 FRSP-90)

OR assume one additional fallure at x;
Z hours
41 hours

pl = .03
= ,04
= 1824,3823

26

Source: https://assist.dla.mil -- Downloaded: 2016-11-25T14:26Z
Check the source to verify that this is the current version before use.




MIL-C-553658

1 1
. ( In in T-p; - in 1n I-pl

h x2 «~ 1n x3

1 . 1
= 1nin T OX - in In 1-.03
in &l -~ In £

= ln in 1.041666 - 1n 1n 1,030928
3.713572.0,85931%7

= -3.1985499 .- (-3.4813617)
ERILYL Y4

s 0.2928118 . 0,0986944

-8 1n {1-pp)10° -0.096544 1n (.96)10%
FRL = -
XA 4] (1828.3823)
-0.096944 (-0,040822)105
. = 0.000000053 x 10°
74799.67
. . 5.0053%
I.UUU “DI.II'S

n g - | Z
In xg = +1n x2
g -1
x2 = hours at point 2
XKg = hours to test {goal))
Fz = observed FRL at x
F9 = Faflure rate levef {goal)
1n (0.001) - 1m (0.0053)
n xg = * In 41
N -0.9030556
-6.9077553 - (-5.2400485)
- + 3,713572
-0.903056
-1.6677068 R
= e ¢+ 3,713572
-0.903056

= 1,846736% + 3,713572 - 5.5603089

. ( : Xg = 259.90 hours
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the balante of the 1ot (when applicable) should be tested to the same voltage
acceleration conditions as the monitored test samples. These units shall then be
subjected to the 100-percent electrical tests shown {n table VB8,

6.7.3 Weibull grading method. After determining the lot failure rate per 4.7.17

6.8 Subject term (key word) listing,

Capacitor

Chip

Established reliability
Tantalum

Weibull

6.9 Changes from previous issue, Asterisks are not used in this revision to
jdentify changes with respect to the previous issue, due to the extensiveness of the .
changes.
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APPENDIX A

PROCEDURES FOR QUALIFICATION IXSPECTION

10. SCOPE

10.1 This appendix details the procedures for submission of samplies, with related
data, for guatification inspection of capacitors covered by this specification. The
procedures for extending qualificaticn of the required sawple t¢ other capacitors

Eoo oo P,

covered by this specification are also outlined herein.
20. SUBMISSION

20.1 Sampte.

20.1.1 Single-style submissfon. A sample consisting of sample units of the highest
capacitance value in each voltage rou? in each style for which qualification is
sought shel) be submitted (see table X).

TABLE X. Combined-voltage submisston.

T T
Type designation 1/ | Number of units | Rated voltage

I i [
Style i I

l | , | |
| [ T |
| CRRO3 | CMRO-B-107-M I 89 i 3 [
| and | CHRO-J-226-M | 89 | 20 I
| cWRO4 | CWRO-M.106-M i 89 i 35 i
| | CWRO-N-335-N [ 89 i 50 |
i { | | |
| T T T i
! ocuegs CWensr.107-u ! 89 ! 4 !
i | CWROGJ-226-M ] 89 { 20 |
{ [ CWROG6K-156-M i 89 ] 25 |
f CMRO6N-475-M # 89 } 50 ,

1/ Mhere applicable, complete type designatfon will include additional
symbols to indicate style, termination finish, and capacitance

tolerance,

20.2 Certification of material, MWhen submitting sawples for qualification, the

supplier shall submit certification, in dupiicate, that the msteriais used in his
components are in accordance with the applicable specification requirements,

20.3 Description of items. The contractor shall submit a detailed descriptfon of
the capacitors being submitted for inspection, fncluding body, coating, electrode
material, terminal leads, etc.

30. EXTENT OF QUALIFICATION

30.1 Single-style submission. Capacitance-range qualiificatfon wil) be restricted
to valueS equal to and Tess than the capacitance value submitted. Capacitance-toler-
ance qualffication will be restricted to tolerances equal to and wider than the
tnlegatcz submitted. Voltazge rating qualification will be restricted to that
submitted.

30.2 Combined-voltage subaission. Capacitance-range qualification will be
restricted to values equal to and less than the capscitance value submitted. Capaci-
tance-tolerance qualification will be restricted to tolerances equal to and wider
than the tolerance submitted. VYoltage rating qualification will be restricted to
those subaitted.
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APPENDIX B

PROCEDURES FOR QUALIFICATION INSPECTION
{WEIBULL DISTRIBUTION)

10, SCOPE

10.1 eibull FR level qualification. Weibull faiiure rate qualification will be
extended only to manufacturers who have achieved the P level failure rate in
sccordance with 4.4,.4, To extend qualification to include Weibull failure rate

level, the manufacturer shall certify and demonstrate the capabflity of Weibull FR
level grading (see 4.7.17) to the qualifying activity,

10.2 Weibull qualification sample submission. A sample consisting of 89 sample
units of the hi E st capacitance value In 50

€ - and 20-volt ratings (35- and 15-vpit
ratings for CWRIO) 1n each case size for each specification sheet for which
qualification is sought shall be submitted.
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@

Custodians: Preparing activity:
ﬁruy i ER Army - ER
Ravy -~ EC
Air Force - B5 . Agent:
DLA - ES
Review activities:
Navy - SH {(Project 5910-1561)
Alr Force - 17, 9§
DLA - ES

User activities:
Navy - AS, (6, NC, 05
Afr Force - 11, 19
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